To evaluate the performance of composites consisting of fragmented cortical bone heteroimplant in association with methylmethacrylate preserved in 98% glycerin, in segmental bone defect of rabbit tibia medial metaphysis.
Introduction
The trauma leading to bone fractures, especially the comminuted fractures, play a key role in both clinical and surgical veterinary medicine routine, similar in human. Moreover, diseases such as osteomyelitis, non-unions, bone tumors, and others who require reconstructive orthopedics replacement of bone tissue are common [1] [2] [3] . The alternative treatment for bone defects is the spongious autograft, which involves the removal of spongious bone tissue from the patient, biologically compatible and accelerates bone repair. Nevertheless, the inconvenience of this procedure is that occurs in two stages, increasing patient morbidity by damaging normal structures, the pain, and prolongs the anesthetic and surgical period, and did not provides enough bone volume to repair large bone defects 3,4 . .
To prevent problems inherent to autograft, the current methods to treat fractures with large bone defects consist on biological or synthetic biomaterials, which are biocompatible and able to interact with the living system 4, 5 . The bone tissue derived from the same species (aloimplats) or from different species (heteroimplants) are biological biomaterials that have been used with satisfactory results to repair bone defects 3, 6, 7 .
Furthermore, the heteroimplants have osteoinductive properties, which occur by bone tissue formation from osteoprogenitor cells, derived from primitive mesenchymal cells under the influence of one or more inductive factors from bone matrix. Moreover, promotes the bone growth by affixing the subjacent bone tissue in the presence of bone or undifferentiated mesenchymal cells, featuring the osteoconductive properties. In addition, they must be biocompatible, non-carcinogenic, nontoxic, non-antigenic and not stimulate inflammatory processes or favor the infection 4, 8 .
The orthopedic disorders in bone defects may also be efficiently fulfilled by synthetic biomaterials, such as calcium phosphate cement, hydroxyapatite, lactic glycolic copolymer, methylmethacrylate, and others [9] [10] [11] 20 . The methylmethacrylate has bioinert and biotolerable properties, can be molded to obtain a more adequate form, therefore is currently widely used in orthopedic surgical procedures to repair large bone defects 2, 12, 18 .
A new approach for large bone defects repair would be a composites consisting of biological biomaterials (heteroimplants) and synthetic biomaterials (methylmethacrylate) with osteogenic, osteoinductive and osteoconductive properties, not favoring bacterial colonization or infection, which would provide mechanical stability, easy acquisition cost, did not require a specialized environment for their preservation, and completely fulfill the bone defect, eliminating thereby the problems inherent to autograft 3, 13, 19 .
Besides radiographic examination, the biomaterials behavior can also be assessed by computed tomography (CT), days, the animals were euthanized using the anesthetic protocol Moreover, the CT scan also revealed heterogeneous densities of all composites, consisting of radiolucent areas, corresponding to methylmethacrylate, and radiopaque areas, corresponding to HOCF, during all the evaluation period ( Figures 2B, 2D and 2F ).
The radiopacity between composite interfaces increased in the animals of G60 ( Figure 2C ) and G90 groups ( Figure 2E ), due to increased density characterized by apposition of bone tissue and composite incorporation.
Discussion
All the materials and tools used directly for composite preparation were sterilized. Furthermore, the composites were stored at 98% glycerin over 30 days, period which, according to Vilela et al. 17 and Freitas et al. , it was decisive for its full incorporation into the bone defect.
The composite incorporation and engraftment to the all recipient bone defect, is indicative of rejection absence and existence of osteoinductive properties, characterized by angiogenesis and fibroblast invasion involved with the bone tissue deposition, which also characterizes the osteoconduction 7 .
The cone beam computed tomography allowed monitoring and satisfactory demonstration the composite behavior in the rabbit tibias in different evaluation phases. In this study, was possible to observe the bone tissue deposition and remodeling, since this technique also allows high resolution 3D tissue imaging.
Therefore, in human odontology the cone beam CT is widely used to assess mineralized bone tissue and monitoring bone remodeling post-graft 4, 15, 16 .
The CT scans of orthogonal and axial sections of rabbit tibia, in all groups G30 (Figures 2A and B) , G60 ( Figures 2C and D) and G90 ( Figures 2E and F) revealed that the composite remained in the implantation site and were reported heterogeneous density of all composites consisting of radiolucent areas, corresponding to methylmethacrylate, and radiopaque areas, corresponding to HOCF, during all the evaluation period ( Figures 2B, 2D and 2F). The radiopacity between composite interfaces increased in the animals of G60 ( Figure 2C ) and G90 groups ( Figure   2E ), characterized by apposition of bone tissue and composite incorporation. According to Moreira et al. 4 this findings occur due to composite osteoinductive and osteoconductive properties.
Conclusions
The composite of cortical bone heteroimplant fragmented (HOCF) and methylmethacrylate was successfully engrafted and promoted the repair of bone defects without signs of infection and/or rejection. Is biologically compatible, therefore, is effective alternative for bone substitute in bone defects healing.
